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IN TH 




STATES PATENT AND TRADEMARK OFFICE 



PATENT 



Applicant 
Appl. No. 
Filed 



Goddard, et al. 



10/006,867 



December 6, 2001 



For 



SECRETED AND 
TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS ENCODING THE SAME 



Examiner 



Larry R. Helms 



Group Art Unit 



1642 



DECLARATION UNDER 37 CFR S1.131 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I declare and state as follows: 

1 . I am a joint inventor of the invention claimed in the above-captioned patent application. 

2. During the time period in which I participated in the events and activities described 
herein, I was employed by Genentech, Inc., the assignee of the above-captioned application. 

3. All of the events and activities described herein were performed by me personally, by 
others at my direction, or by the other joint inventors, as part of our duties as employees of 
Genentech, Inc. 

4. The invention claimed in the above-captioned patent application was conceived prior to 
May 1999 and diligently reduced to practice thereafter in the U.S. as described below. 

5. Prior to May 1999, 1 and/or my joint inventors conceived of the invention claimed in the 
above-captioned patent application. Prior to May 1999, the idea of investigating several newly 
discovered DNA sequences for their relevance, including developing primers and cloning the 
DNA sequences of interest from normal and tumor tissues, was conceived. The attached 
sequence printout (Exhibit A), dated prior to May 1999, shows the complete sequence of the 
nucleic acid having the sequence of SEQ ID NO: 1, as well as the complete sequence of the 
amino acid of SEQ ID NO:2. Thus, conception of the invention claimed in the above-captioned 
patent application occurred prior to May 1999. 
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6. The date deleted from Exhibit A is prior to May 1999. This date was redacted pursuant to 
M.P.E.P. § 715.07. The date that remains is the date the report was printed, November 15, 2004. 

7. After these initial experiments, I and/or my joint inventor(s), continued to produce 
primers, clone and sequence other DNA sequences. We then began to identify the expression 
levels of the cloned sequences, and created constructs for expression of the encoded proteins. 
The enclosed printed copy of an electronic file (Exhibit B) shows that PCR primers for numerous 
sequences which had been previously identified were designed on March 6, 2000 (as evidenced 
by the file name, "oli.out3_6J)0"), including the primers for DNA 26843, the DNA which is 
relevant to the presently claimed invention (see top of page 2 of Exhibit B). This data shows 
diligence in reducing to practice following conception of the invention. Thereafter, the primers 
were tested for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C). 
This page shows a series of gels in which the primers were used to determine tissue and tumor 
expression levels for the various DNA sequences. The levels are shown using a ++, +, and - 
to indicate the intensity of the specific signal which was detected. The data for DNA 26843 is 
shown in row 13. This data shows that the DNA is more highly expressed in normal lung tissue 
than in living tumor, and in rectal tumor as compared to normal rectal tissue. Actual reduction to 
practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to May 1999 and were diligent in reducing the invention to practice by at least 
June 13, 2000. 

8. I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any patent 
issued thereon. 

By: /?; ^Jjo^jj Date: < >f Zfj JoY 

Audrey Goddard 

By: Date: 

Paul J. Godowski 

By: _____ Date: 

J. Christopher Grimaldi 

By: Date: 

Austin L. Gurney 

By: Date: 

William I. Wood 



S:\DOCS\AOK\AOK-6 1 23.DOC 
110904 



-2- 



Appl. No. : 10/006,867 

Filed : December 6, 2001 



6. The date deleted from Exhibit A is prior to May 1999. This date was redacted pursuant to 
M.P.E.P. § 715.07. The date that remains is the date the report was printed, November 15, 2004. 

7. After these initial experiments, I and/or my joint inventor(s), continued to produce 
primers, clone and sequence other. DNA sequences. We then began to identify the expression 
levels of the cloned sequences, and created constructs for expression of the encoded proteins. 
The enclosed printed copy of an electronic file (Exhibit B) shows that PCR primers for numerous 
sequences which had been previously identified were designed on March 6, 2000 (as evidenced 
by the file name, "oli.out3_6_00"), including the primers for DNA 26843, the DNA which is 

. relevant to the presently claimed invention (see top of page 2 of Exhibit B). This data shows 
diligence in reducing to practice following conception of the invention. Thereafter, the primers 
were tested for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C). 
This page shows a series of gels in which the primers were used to determine tissue and tumor 
expression levels for the various DNA sequences. The levels are shown using a ++, +, and - . 
to indicate the intensity of the specific signal which was detected. The data for DNA 26843 is 
shown in row 13. This data shows that the DNA is more highly expressed in normal lung tissue 
than in living tumor, and in rectal tumor as compared to normal rectal tissue. Actual reduction to 
practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to May 1999 and were diligent in reducing the invention to practice by at least 
June 13, 2000. 

8. I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any patent 
issued thereon. 
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6. The date deleted from Exhibit A is prior to May 1 999. This date was redacted pursuant to 
M.P.E.P. § 715.07. The date that remains is the date the report was printed, November 15, 2004. 

7. After these initial experiments, I and/or my joint inventor(s), continued to produce 
primers, clone and sequence other DNA sequences. We then began to identify the expression 
levels of the cloned sequences, and created constructs for expression of the encoded proteins. 
The enclosed printed copy of an electronic file (Exhibit B) shows that PCR primers for numerous 
sequences which had been previously identified were designed on March 6, 2000 (as evidenced 
by the file name, "oli.out3_6_00"), including the primers for DNA 26843, the DNA which is 
relevant to the presently claimed invention (see top of page 2 of Exhibit B). This data shows 
diligence in reducing to practice following conception of the invention. Thereafter, the primers 
were tested for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C). 
This page shows a series of gels in which the primers were used to determine tissue and tumor 
expression levels for the various DNA sequences. The levels are shown using a ++, +, +-, and - 
to indicate the intensity of the specific signal which was detected. The data for DNA 26843 is 
shown in row 13. This data shows that the DNA is more highly expressed in normal lung tissue 
than in living tumor, and in rectal tumor as compared to normal rectal tissue. Actual reduction to 
practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to May 1999 and were diligent in reducing the invention to practice by at least 
June 13, 2000. 

8. I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any patent 
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6. The date deleted from Exhibit A is prior to May 1999. This date was redacted pursuant to 
M.P.E.P, § 71 5.07. The date that remains is the date the report was printed, November 15, 2004. 

7. After these initial experiments, I and/or my joint inventor(s), continued to produce 
primers, clone and sequence other DNA sequences. We then began to identify the expression 
levels of the cloned sequences, and created constructs for expression of the encoded proteins. 
The enclosed printed copy of an electronic file (Exhibit B) shows that PGR primers for numerous 
sequences which had been previously identified were designed on March 6, 2000 (as evidenced 
by the file name, "oli.out3_6J)0"), including the primers for DNA 26843, the DNA which is 
relevant to the presently claimed invention (see top of page 2 of Exhibit B). This data shows 
diligence in reducing to practice following conception of the invention. Thereafter, the primers 
were tested for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C), 
This page shows a series of gels in which the primers were used to determine tissue and tumor 
expression levels for the various DNA sequences. The levels are shown using a ++, +, and - 
to indicate the intensity of the specific signal which was detected. The data for DNA 26843 is 
shown in row 13. This data shows that the DNA is more highly expressed in normal lung tissue 
than in living tumor, and in rectal tumor as compared to normal rectal tissue. Actual reduction to 
practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to May 1999 and were diligent in reducing the invention to practice by at least 
June 13, 2000. 

8. I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any patent 
issued thereon. 
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6. The date deleted from Exhibit A is prior to May 1999. This date was redacted pursuant to 
M.P.E.P. § 715.07. The date that remains is the date the report was printed, November 15, 2004. 

7. After these initial experiments, I and/or my joint inventor(s), continued to produce 
primers, clone and sequence other DNA sequences. We then began to identify the expression 
levels of the cloned sequences, and created constructs for expression of the encoded proteins. 
The enclosed printed copy of an electronic file (Exhibit B) shows that PCR primers for numerous 
sequences which had been previously identified were designed on March 6, 2000 (as evidenced 
by the file name, "oli.out3_6_00"), including the primers for DNA 26843, the DNA which is 
relevant to the presently claimed invention (see top of page 2 of Exhibit B). This data shows 
diligence in reducing to practice following conception of the invention. Thereafter, the primers 
were tested for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C). 
This page shows a series of gels in which the primers were used to determine tissue and tumor 
expression levels for the various DNA sequences. The levels are shown using a ++, +, 4--, and - 
to indicate the intensity of the specific signal which was detected. The data for DNA 26843 is 
shown in row 13. This data shows that the DNA is more highly expressed in normal lung tissue 
than in living tumor, and in rectal tumor as compared to normal rectal tissue. Actual reduction to 
practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to May 1999 and were diligent in reducing the invention to practice by at least 
June 13, 2000. 

8. I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any patent 
issued thereon. 
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<16422.fl0 0LI28176>AGTTg(^CTATGCTGGCAACTGGAGG ( 
<16422 .rlO OLI2 8 177 >CCCAGATGTTTCTTACTGGCTCCTCACTAATC 
<16435.fl0 OLI28178 >GAGGCAACTAAAAAGGCTTCAAACGTTTTG 
<16435 .rlO OLI2 8 1 7 9 >CAAAATCAATAACGTCATCAGCTTCCTAACCATG 
<23334.fl0 OLI2 8 180 > CGTTGGTTGAAGGACCTAAA.TACCTGGC 
<23334 .rlO OLI28181>CTTCTATCATCACCCAGCTGCATGACC 
<26843.fl0 0LI2 8182 >GCAAGTTCATGCTCTGAGTCCTGAAGAG 
<26843.rlO OLI28183 >GGTGCAGTGTCATAGAGGGTTAATCCATG 
<26844.fl0 OLI28184>CCAATTCTGAACATTCCCATCGTGC 
<26844.rl0 OLI28185 >GTGCTGGGATTACAGGCGTGAGC 
<26844 . f 1 0 >CCAATTCTGAACATTCCCATCGTGC 
<26844.rl0 >GTGCTGGGATTACAGGCGTGAGC 
<30862.fl0 OLI28186> CACCTGAAGGTGATGCTCCTGGAAG 
<30862 .rlO 0LI28187>GCGGTTCCATCGCAGATGACC 
<40621 . f 10 OLI28188>CTGGCTGCCCATCATGACCTCC 
<40621 .rlO OLI28189>CTCCTGCCTCAGCCTCCCGAGTAG 
<4 4 16 1 . f 1 0 OLI28190 >GAAGGACATGCGCGTGCAGAC 
<44161 .rlO OLI28191>GAGCTGGTGCTTTCCGCTGCC 
<44694 .flO OLI28192>CCACAGCTGATACGGCATCCTGC 
<44694.rl0 OL 1 2 8 1 9 3 > CCAGAGTCTGCATGAGCACCAATG 
<48320.fl0 OLI28194 >CCTCACTAGCACCTGGAATGATGCTTTG 
<48320 .rlO 0LI2 8195 >CACTCATAAGTTGCACATATGCTCCAAGGTC 
<48334 .flO OLI28196> CAAGGAGGCAAAA.TTTTGACAGGGAAGG 
<48334 .rlO OL 1 2 8 1 9 7 > CTACACACAGAATAAGGTTGGGGAATTAAGCTG 
<48606.fl0 OLI28198>CAGCATGCCAGGCCTCACG 
<48606 .rlO OLI28199>CTTTCTCAGGCCTCCTGGCCAATAG 
<49141 . f 10 0LI2 8200 >CCACGTATCTCATGTGCCGAATGTG 
<49141 . rlO OLI28201>GTGCAGCCTCACACTGCCTTCTCC 
<49647 . f 10 0LI2 8202 >GGCAGTGAACACATCTGATTTCCCACAG 
<49647 . rlO OLI28203 > CCCTCAAAAGCCAGTTACATTACATGTTCACAG 
<49819.fl0 OLI28204 >GGTTGCCATTCCATAGGTTTGGAGAGC 
<4 9 8 1 9 . r 1 0 OLI28205 >GCATTCACCTACCTGTCTAACCCTCACATG 
<49820.fl0 0LI2 82 06 >GAGAAGCTGACTGAGGAAGGCTCTCCC 
<49820 . rlO 0LI2 8 2 0 7 >CTACTGGAAGCAGGCACAGTGTCACTAGC 
<53913 . f 10 OLI28208>GCTTCCGTCCCTGAATCCCTTCC 
<53913 .rlO 0LI2 8209 >GTGTGAAACTGCTTGGTGGCTGTTCC 
<53978.fl0 OLI28210 >GTGATGAATGGTCACACACCGATGCAC 
<53978 . rlO OLI 2 8211 >GAATCCTGGGGGATCAAATCATATGAATG 
<53996.fl0 0LI2 8 2 1 2 > CCAGATGGCACGACACTGCCATG 
<53996 . rlO 0LI2 8 2 13 >CCAGAACAGCAGTGAGGCAGATTGATG 
<56050 . f 10 OLI282 14 >GAAGGCTTCCTGCAGGAGCAGTCTG 
<56050 . rlO 0LI2 8 2 15 >CAGGCCAGGTGAGAGAGTACAAGTCTTGC 
<56110 . f 10 OLI 2 8216 >GTAGCCGGCTTGGCTTTTGTAATTGG 
<56110 . rlO OLI 2 8217 >GGATGGCTGAGTTTCGCACATTGTG 
<56410 . f 10 0LI2 8 218 >CCTGAAGCTAGTCCAGCTAGTACACCACAAATC 
<56410 . rlO 0LI2 8 2 1 9 >CAATCCTCCTGACTTGTCTTCCCTAAGTGC 
<56436 . f 10 0LI2 8 220 >GAAATGGATTAGCCAACCAGGGCAAC 
<56436 . rlO 0LI2 8 221 >GGAGCAGGAACCAACTCAATGCACAG 
<56855.fl0 0LI28222 >GCAACTTACAGCTGCACCGACAGTTG 
<56855.rl0 OL 128223 >GAGAGCACTGGAATGATTTAGGGGTGG 
<56859.fl0 OLI28224 >GGCTGTCTTAGTACTTCGCCTGACAGTTGTC 
<56859.rl0 OLI28225 > CCATCAACTATGTGATCCCAAAGCGC 
<56860 . f 10 OLI 2 8226 >CTTCATGTGGCAGCAAGTTTTCGAGC 
<56860 . rlO OLI28227>GAGACGCATGGGTGTAGCCTCAGG 
<56865.fl0 OLI28228 >CTAACCAACTGGAAAAATGGATGAAACTCAATG 
<56865.rl0 OL 128229 >GTCTGTCTGGGAAGCTGACTGCCAGAC 
<56868.fl0 OLI28230 >GGATTCCGAGAATCATTGTCATGTACATGC 
<56868.rl0 OLI28231 >GTTCCCTCCTCATTCCTTAATGAGTGCTTG 
<56869 . f 10 OLI28232>CAACTTCGCCCTGGAGCAGCTCTTC 
<56869 . rlO OLI28233 >CTCCAGCACCCTCAACATGATGTAGCC 



<56870.fl0 OLI28234>GAACT(| JAAGAGATGCTGTGGAATCC \ 
<56870 . rlO OLI2 8 2 3 5 >CCTGTCCCAGTAATGCCAACTTGGAG 
<57699 . f 10 0LI2 8 236 >CCTACGGTGAGAAGCTTACCATAAGCTTGG 
<57699 . rlO 0LI2 8 237 >CATGGCATGGCTACCGCTTCCTTAG 
<57704 . f 10 0LI2 8 238 >GCCCCAATGCCAAGTACGTAATGAAG 
<57704 .rlO OLI2823 9>CAGTGTAAGCCAGCACACTGACCTCC 
<57710 . f 10 OLI28240>CAGCCTCCAAGCCATCATCACCAAG 
<57710 . rlO OLI28241>GTCCTGAGCGACTGCCACCATG 
<57711.flO 0LI28242 >GCATCGAAGCCCGTGAAATCCAG 
<57711.rlO 0LI2 8 243 >GTCAGGCACTGTGGTGAAGGGAACG 
<57827 . f 10 OLI 2 8 2 4 4 >GCCATCAATGGACATGATCTTCGATATGG 
<57827 . rlO OL 1 2 8 2 4 5 > CCATGTTGTGGTTGGAGTCCAGGG 
<57844.flO OLI 2 8 24 6 > CCGTGGAATGGAGTTGATCCCAACC 
<57844 . rlO. 0LI2 8 247 >GCCTATCTAAGGTCCCTTGCTGCAAGG 
<58723.fl0 OLI28248 >GATAAAACATGCAGCCACAGGCTCTCC 
<58723 .rlO 0LI2 8 249 >GGACCAGACTGTACTGTGGCCATGTACAC 
<58737.fl0 OLI28250 >GCACACATTAAGAACCTGTTACAGCTCATTGTTG 
<58737.rl0 0LI2 8 251 >GAAGGCTATCAGCACCTGCAACCAGC 
<58743 . f 10 OL 1 2 8 2 5 2 > CACATGCGTCACATGGGCATTTC 
<58743 .rlO OLI28253>GTTCGCACCATTCTCCTGCCTCAG 
<58846 . f 10 0LI28254>CCCAGCAGTGGGACAGCCAGAC 
<58846 .rlO 0LI2 825 5 >CAAGACCTATGTTCTGGGGCAGCAGG 
<58848 . flO OLI28256>GAACTCCCCACCTTTGCACGCTG 
<58848 .rlO OLI28257>GATGTGTCCTTCACTCACCCGCAGC 
<58849.fl0 OLI28258> CGAACACCTTGTACTGGGAGTTGAATCAG 
<58849 .rlO OLI28259>CATCACATAGCAGAGTTCCCTCAGCCCTG 
<58850.fl0 0LI2 8260 >GCACCTGTCAAAGCCTAAAGTCACCATG 
<58850 . rlO OLI 2 8 2 6 1 > CCACAGTGGAGTAAACCGTATTTGCTGG 
<58853.fl0 OLI28262 >GGGACTGACCCTAGTCTGTGTCCATGC 
< 5 8 8 5 3 . r 1 0 OLI28263 > GGGATGCTGTATGGATAGGAAGGGATG 
<58855.fl0 0LI28264> CGAAGGATGGACATCCTGCAATGG 
<58855 . rlO 0LI2 8 2 65 >GCTTAGAGACTCCACACAGACAGCCAAGG 
<59211 . f 10 0LI2 8 266 >CAAGGTGACCTCGCAGGACACTGG 
<59211.rl0 0LI2 8 2 6 7 >CCTCCTGATCAGAAAGGGGCCTAACAG 
<59213 . f 10 OLI 2 8268 >GAGGCTGACACCTTCATGTTTGGAGG 
<59213 .rlO 0LI2 8 2 6 9 >CTCAGTGTGGTCTGGCAGGAACCG 
<59497 . f 10 0LI2 8 2 7 0 >CCTGACCAAAAAATTCCCAGTAACCAGGC 
<59497.rl0 0LI2 8 271 >GTGGCCAAGTGGATAAAACAGTAGCAGTG 
<59603.fl0 OLI28272>CTGCTGTGGCTGCAGCTCTGC 
<59603 .rlO OLI 2 8273 >GACGCCAGGAAAACAGCCAGGTC 
<59605 . f 10 OLI 28274 >GGAGTACCATCTTCCTCATGGGACCAG 
<59605.rl0 OLI2 8275 > CATGGGAATTCAGTGGGACAAGATCC 
<59607.fl0 OLI2 827 6 >CCACTACATGAGCATCACCATCTTGGTC 
<59607 .rlO OLI 2 8 2 7 7 >CTGGCCAGTGACTGTCAGGTTCTCTG 
<59609.fl0 OLI 2 8 2 7 8 >CATTCCACTTGTGTCACTGCTTGGAACC 
<59609 . rlO OLI 2 8279 >GGCATTGTTAAGCAAGGGCAGCAGAAG 
<59610.fl0 OLI2828 0>CTGCCTCTCAGCCCTTACCTGATGC 
<59610.rl0 OLI 2 828 1 >CCCTGAGTTGCGAAGTGGCAGTC 
<59612 . f 10 OLI 2 8282 >GTGAGCGGATGGACCTAGCACTTCC 
<59612 .rlO OLI 2 8 283 >GACAGCTACTACTCGCCAGGTGTGCTG 
<59613 . f 10 OLI 2 8284 >GAATGCAGCAACACCAGCGATGC 
<59613.rl0 OLI 2 8285 >GACCTGTGACTCCCACTTACTGGGCAG 
<59616 . f 10 OLI2 8286 >GTCAGGAGCCTGAAATCAGGCTGACTTC 
<59616 . rlO OLI28287>TCCTCCAGGCCAATCCTGACCC 
<59619.fl0 OLI2 8288 >GTGCATGTTCCCTGTCTGGTGCC 
<59619 . rlO OLI 2 828 9 >GAGTCCCTGAGGTTGGAGTCCTAGCATAGC 
<59625.fl0 OLI28290>GTATTCTGCCCTGCGCATCCCAC 
<59625 . rlO OLI28291>GACTCCTCCAGTGGCACTGCAGCTC 
<59827 . f 10 OLI28292>CACTGCAGCTGCGCACAGTCG 
<59827.rl0 OLI28293 >GGTGCTCTGAGAAGAGGTCAGAATGGC 



<59828.fl0 OLI28294>CTGCC({ ^ACCGGACTTCAGC () 

<59828.rl0 0LI2 8295 >GCCAGCCGACCTTTCTGTGGTG 

<59853.flO OLI 2 8 2 9 6 > CTCCTTAGCCCGTGTGAGCCTCAC 

<59853 .rlO OLI28297>GTGCAATCTCAGCTCACTGCAGCCTC 

<59854.fl0 OLI2 8 298 >GGAGAGGCCACCGGGACTTCAG 

<59854.rl0 OLI 2 8299 >GGGGCCTGCTGAAAGACAGGGTC 

<60283 .f 10 OLI28300> CTGTTTCTGATGTGGGGTTCCTCCAC 

<60283 -rlO OLI28301> CCATTGGCTTTCAAGGACCTTTCCCAAC 

<60619.fl0 OLI28302> CAGGCCCAGTGGGTGGAATCTGTC 

<60619 . rlO OLI28303>CATCTCCCGAAGAGAGAAGTCCCAACC 

<60625.fl0 OLI28304> CCAGGAACCTGAGCTAGGTCAAAGACG 

<60625 .rlO OLI28305>GTGAATAGCCCCATCCTCTCTTGACCTC 

<60629.fl0 OLI 2 8 3 0 6 > TGATCTGTCACCAAAGGAGGCCAACTC 

<60629 . rlO OLI 2 8 3 0 7 > CAGGTATCAGTATGAAAAAGGATCTTTGTTGATCAC 

<61755.fl0 OLI28308> GAATGAGCCTATCAGCAGGGCTCTAGTTTC 

<61755 . rlO OLI283 09>GGAAGCCAGAAGCCAGGAGGAGC 

<64852.fl0 OLI28310> CAAGCCCTGCAGACAGTCTGTCTCC 

<64852 . rlO 0LI2 8 311 >GGCTGATGCTATCATATTGCTATGGACATTG 

<66308.fl0 0LI28312> CGACATCCAGGCCAAGGACCTG 

<66308.rl0 OLI28313> CATCCTTGGGATCTCATGGTTGGG 

<68869 . f 10 0LI2 8 3 14 >GCGTACTCCACAGTGCAGAGAGTCGC 

<68869 . rlO 0LI2 8 315 >GGCTATCCTAAGTACCTCATGAAGAGGAGGC 
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Figure 6-3 Genes can be expressed 
with different efficiencies. Gene A Is 
transcribed and translated much more 
efficiently than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 



| TRANSLATION 

FROM DNATO RNA 

Transcriptloa and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA. 

Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence— a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA — 
the language of a nucleotide sequence. Hence the name transcription. 

Like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure 6-4). It differs from 
DNA chemically in two' respects: (1) the nucleotides in RNA are 
ribonucleotides— that is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deojcyribose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like T, can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U), It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-€). As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



TRANSLATION 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-89 Protein aggregates that cause human disease. (A) Schematic illustration of the type of 
conformational change in a protein that produces material for a cross-beta filament (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that is central to prion diseases. PrP is highly unusual 
because the misfolded version of the protein, called PrP* f induces the normal PrP protein it contacts- to 
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especially prone to aggregation, but because this structure Is 
not infectious in this way, it cannot spread from one animal to another. (C) Drawing of a cross-beta filament 
a common type of protease-resistant protein aggregate found in a variety of human neurological diseases. 
Because the hydrogen-bond interactions in a P sheet form between polypeptide backbone atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*, showing the likely change of two a-helices into four 
p-st^rands. Although the structure of the normal protein has been determined accurately, the structure of the 
infectious form is not yet known with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpell, adapted from M. Sunde et al.,J. Mot. BioL 273:729^-739, 
1 997; D, adapted from S.B. Prusiner, Trends Bfochem. Sd. 21 :482-487, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred 
to as the "mad cow disease") from cattle to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraordinarily difficult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious "protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which each of the many steps 
is performed. 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotic cell. The final 
level of each protein In a eucaryotic cell 
depends upon the efficiency of each step 
depicted. 
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ure 6-90} could be regulated by the cell for each individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first step— the transcription of its DNA sequence into an RNA 
molecule. 



Summary 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a large ribonucleoprotein assembly catted a ribosome. The 
amino adds used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticular sets ofth ree nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule, A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs—each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNA anttcodon. Each amino acid is added to the 
C-terminal end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryotic gene expression can be 
controlled. Controls that operate at 
steps I through 5 are discussed ip this 
chapter. Step 6, the regulation of protein 
activity, fndudes reversible activation or 
inactlvation by protein phosphorylation' 
(discussed in Chapter 3) as well as 
irreversible inactlvation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
a cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the cell nucleus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction of Us genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals 
from other cells, Althougi all of the steps involved in expressing a gene can in prin- 
ciple be regulated, for most genes the initiation of RNA transcription is the most 
. important point of control 

DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
trolled by a regulatory region of DNA relatively near the site where transcription 
begins. Some regulatory regions are simple and act as switches that are thrown 
D y a single signal. Many others are complex and act as tiny microprocessors, 
responding to a variety of signals that they interpret and integrate to switch the 
neighboring gene on or off. Whether complex or simple, these switching devices 
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occur in the germ line, the cell lineage that gives rise to sperm or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive 
regions have presumably been lost through spontaneous deamination events 
that were not properly repaired. However promoters of genes that remain active 
in the germ cell lineages (including most housekeeping genes) are kept 
unmethylated, and therefore spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired. Such regions are preserved in modern day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene regulatory mechanisms 
involved in creating them must be stable once established and heritable when the 
cell divides. These features endow the cell with a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interdc- 
tionbetween two gene regulatory proteins, eachof which inhibits the synthesis of the 
other, this can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Direct or indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory. Negative feedback loops with programmed delays form the 
basis for cellular clocks. 

In eucaryotes the transcription of a gene is generally controlled by combinations 
of gene regulatory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic ceUs to regulate gene expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methylation also functions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whether it was inherited from the mother or the father. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these posttranscriptional 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional control, for 
many genes they are crucial. 
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Figure 7-66 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and their clustering 
into CG islands in vertebrate 
genomes. A black fine marks the location 
of a CG dinucleotide in the DNA 
sequence, while a red "lollipop" indicates 
the presence of a methyl group on the 
CG dinucleotide. CG sequences that lie in 
regulatory sequences of genes that are 
transcribed in germ cells are unmethylated 
and therefore tend to be retained in 
evolution. Methylated CG sequences, on 
the opher hand, tend to be lost through 
deamination of 5-methyl C toT, unless the 
CG sequence is critical for survival. 
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Background 

Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/Ly- 
6 family of glycosylphosphatidylinositol (GPI)-anchored cell surface antigens. The 
purpose of the present study was to examine the expression status of PSCA protein 
and mRNA in clinical specimens of human prostate cancer (Pea) and to validate it 
as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods 



Immunohistochemical (IHC) and In situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 
benign prostatic hyperplasia (BPH), 20 prostatic intraepithelial neoplasm (PIN) and 
48 prostate cancer (Pea) tissues, including 9 androgen-independent prostate 
cancers. The level of PSCA expression was semiquantitatively scored by assessing 
both the percentage and intensity of PSCA-positive staining cells in the specimens. 
Then compared PSCA expression between BPH, PIN and Pea tissues and analysed 
the correlations of PSCA expression level with pathological grade, clinical stage and 
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progression to androgen-independence in Pea. 

Results 

In BPH and low grade PIN, PSCA protein and mRNA staining were weak or negative 
and less intense and uniform than that seen in HGPIN and Pea. There were 
moderate to strong PSCA protein and mRNA expression in 8 of 11 (72.7%) HGPIN 
and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, with 
statistical significance compared with BPH (20%) and low grade PIN (22.2%) 
samples (p < 0.05, respectively). The expression level of PSCA increased with high 
Gleason grade, advanced stage and progression to androgen-independence (p < 
0.05, respectively). In addition, IHC and ISH staining showed a high degree of 
correlation between PSCA protein and mRNA overexpression. 

Conclusions 

Our data demonstrate that PSCA as a new cell surface marker is overexpressed by 
a majority of human Pea. PSCA expression correlates positively with adverse tumor 
characteristics, such as increasing pathological grade (poor cell differentiation), 
worsening clinical stage and androgen-independence, and speculatively with 
prostate carcinogenesis. PSCA protein overexpression results from upregulated 
transcription of PSCA mRNA. PSCA may have prognostic utility and may be a 
promising molecular target for diagnosis and treatment of Pea. 



Outline Introduction 



Abstract 
Introduction 
Materials and methods 
Results 
Discussion 
Competing interests 
References 



Prostate cancer (Pea) is the second leading cause of cancer-related death in 
American men and is becoming a common cancer increasing in China. Despite 
recently great progress in the diagnosis and management of localized disease, 
there continues to be a need for new diagnostic markers that can accurately 
discriminate between indolent and aggressive variants of Pea. There also continues 
to be a need for the identification and characterization of potential new therapeutic 
targets on Pea cells. Current diagnostic and therapeutic modalities for recurrent 
and metastatic Pea have been limited by a lack of specific target antigens of Pea. 



Although a number of prostate-specific genes have been identified (i.e. prostate 
specific antigen, prostatic acid phosphatase, glandular kallikrein 2), the majority of 
these are secreted proteins not ideally suited for many immunological strategies. 
So, the identification of new cell surface antigens is critical to the development of 
new diagnostic and therapeutic approaches to the management of Pea. 

Reiter RE et al [1] reported the identification of prostate stem cell antigen (PSCA), 
a cell surface antigen that is predominantly prostate specific. The PSCA gene 
encodes a 123 amino acid glycoprotein, with 30% homology to stem cell antigen 2 
(Sea 2). Like Sca-2, PSCA also belongs to a member of the Thy-l/Ly-6 family and 
is anchored by a glycosylphosphatidylinositol (GPI) linkage. mRNA in situ 
hybridization (ISH) localized PSCA expression in normal prostate to the basal cell 
epithelium, the putative stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor cells. 



In order to examine the status of PSCA protein and mRNA expression in human Pea 
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and validate it as a potential diagnostic and therapeutic target for Pea, we used 
immunohistochemistr/ (IHC) and in situ hybridization (ISH) simultaneously, and 
conducted PSCA protein and mRNA expression analyses in paraffin-embedded 
tissue specimens of benign prostatic hyperplasia (BPH, n = 20), prostate 
intraepithelial neoplasm (PIN, n = 20) and prostate cancer (Pea, n = 48). 
Furthermore, we evaluated the possible correlation of PSCA expression level with 
Pea tumorigenesis, grade, stage and progression to androgen-independence. 
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Correlation of PSCA 
expression with clinical 
stage 



Tissue samples 

All of the clinical tissue specimens studied herein were obtained from 80 patients of 
57-84 years old by prostatectomy, transurethral resection of prostate (TURP) or 
biopsies. The patients were classified as 20 cases of BPH, 20 cases of PIN, 40 cases 
of primary Pea, including 9 patients with recurrent Pea and a history of androgen 
ablation therapy (orchiectomy and/or hormonal therapy), who were referred to as 
androgen-independent prostate cancers. Eight specimens were harvested from 
these androgen-independent Pea patients prior to androgen ablation treatment. 
Each tissue sample was cut into two parts, one was fixed in 10% formalin for IHC 
and the other treated with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% DEPC 
for 1 h for ISH analysis, and then embedded in paraffin. All paraffin blocks 
examined were then cut into 5 urn sections and mounted on the glass slides 
specific for IHC and ISH respectively in the usual fashion. H&E-stained section of 
each Pea was evaluated and assigned a Gleason score by the experienced 
urological pathologist at our institution based on the criteria of Gleason score [2]. 
The Gleason sums are summarized in Table 1. Clinical staging was performed 
according to Jewett-whitmore-prout staging system, as shown in Table 2. In the 
category of PIN, we graded the specimens into two groups, i.e. low grade PIN 
(grade I - II) and high grade PIN (HGPIN, grade III) on the basis of literatures 
[3,4]. 

Immunohistochemical (IHC) analysis 

Briefly, tissue sections were deparaffinized, dehydrated, and subjected to 
microwaving in 10 mmol/L citrate buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 
W oven for 5 min to induce epitope retrieval. Slides were allowed to cool at room 
temperature for 30 min. A primary mouse antibody specific to human PSCA 
(Boshide, Wuhan, China) with a 1:100 dilution was applied to incubate with the 
slides at room temperature for 2 h. Labeling was detected by sequentially adding 
biotinylated secondary antibodies and strepavidin-peroxidase, and localized using 
3,3'-diaminobenzidine reaction. Sections were then counterstained with 
hematoxylin. Substitution of the primary antibody with phosphate-buffered-saline 
(PBS) served as a negative-staining control. 

mRNA in situ hybridization (ISH) 

Five-^m-thick tissue sections were deparaffinized and dehydrated, then digested in 
pepsin solution (4 mg/ml in 3% citric acid) for 20 min at 37.5°C, and further 
processed for ISH. Digoxigenin-labeled sense and antisense human PSCA RNA 
probes (obtained from Boshide, Wuhan, China) were hybridized to the sections at 
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48°C overnight. The posthybridization wash with a high stringency was performed 
sequentially at 37°C in 2 x standard saline citrate (SSC) for 10 min, in 0.5 x SSC 
for 15 min and in 0.2 x SSC for 30 min. The slides were then incubated to 
biotinylated mouse anti-digoxigenin antibody at 37.5°C for 1 h followed by washing 
in 1 x PBS for 20 min at room temperature, and then to strepavidin-peroxidase at 
37.5°C for 20 min followed by washing in 1 x PBS for 15 min at room temperature. 
Subsequently, the slides were developed with diaminobenzidine and then 
counterstained with hematoxylin to localize the hybridization signals. Sections 
hybridized with the sense control probes routinely did not show any specific 
hybridization signal above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA immunostaining and 
mRNA in situ hybridization, the same scoring manners are taken in the present 
study for PSCA protein staining by IHC and PSCA mRNA staining by ISH. Each slide 
was read and scored by two independently experienced urological pathologists 
using Olympus BX-41 light microscopes. The evaluation was done in a blinded 
fashion. For each section, five areas of similar grade were analyzed 
semiquantitatively for the fraction of cells staining. Fifty percent of specimens were 
randomly chosen and rescored to determine the degree of interobserver and 
intraobserver concordance. There was greater than 95% intra- and interobserver 
agreement. 

The intensity of PSCA expression evaluated microscopically was graded on a scale 
of 0 to 3+ with 3 being the highest expression observed (0, no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The staining density was 
quantified as the percentage of cells staining positive for PSCA with the primary 
antibody or hybridization probe, as follows: 0 = no staining; 1 = positive staining in 
<25% of the sample; 2 = positive staining in 25%-50% of the sample; 3 = 
positive staining in >50% of the sample. Intensity score (0 to 3+) was multiplied 
by the density score (0-3) to give an overall score of 0-9 [1,5]. In this way, we 
were able to differentiate specimens that may have had focal areas of increased 
staining from those that had diffuse areas of increased staining [6]. The overall 
score for each specimen was then categorically assigned to one of the following 
groups: 0 score, negative expression; 1-2 scores, weak expression; 3-6 scores, 
moderate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expression in BPH, PIN and Pea 
tissues were compared using the Chi-square and Student's t-test. Univariate 
associations between PSCA expression and Gleason score, clinical stage and 
progression to androgen-independence were calculated using Fisher's Exact Test. 
For all analyses, p < 0.05 was considered statistically significant. 
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Figure 1 

Representatives of PSCA 
IHC and I5H staining in Pea 
(A. IHC staining, B. ISH 
staining, x200 
magnification) 



In general, PSCA protein and mRNA were expressed weakly in individual samples of 
BPH. Some areas of prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite score 0). Four cases 
(20%) of BPH had moderate expression of PSCA protein and mRNA (composite 
score 4-6) by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA mRNA expression 
was moderate (composite score 3-6), but PSCA protein expression was weak 
(composite score 2) in one and negative (composite score 0) in the other. PSCA 
expression was localized to the basal and secretory epithelial cells, and prostatic 
stroma was almost negative staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of PSCA protein and mRNA 
(£2 scores) in 7 of 9 (77.8%) low grade PIN and in 2 of 11 (18.2%) HGPIN, and 
moderate expression (3-6 scores) in the rest 2 low grade PIN and 5 of 11 (45.5%) 
HGPIN. One HGPIN with moderate PSCA mRNA expression (6 score) was found 
weak staining for PSCA protein (2 score) by IHC. Strong PSCA protein and mRNA 
expression (9 score) were detected in the remaining 3 of 11 (27.3%) HGPIN. There 
was a statistically significant difference of PSCA protein and mRNA expression 
levels observed between HGPIN and BPH (p < 0.05), but no statistical difference 
reached between low grade PIN and BPH (p > 0.05). 



PSCA expression in Pea 



In order to determine if PSCA protein and mRNA can be detected in prostate 
cancers and if PSCA expression levels are increased in malignant compared with 
benign glands, Forty-eight paraffin-embedded Pea specimens were analysed by IHC 
and ISH. It was shown that 19 of 48 (39.6%) Pea samples stained very strongly for 
PSCA protein and mRNA with a score of 9 and another 21 (43.8%) specimens 
displayed moderate staining with scores of 4-6 (Figure 1). In addition, 4 specimens 
with moderate to strong PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea expressed a significantly 
higher level of PSCA protein and mRNA than any other specimen category in this 
study (p < 0.05, compared with BPH and PIN respectively). The result 
demonstrates that PSCA protein and mRNA are overexpressed by a majority of 
human Pea. 



Correlation of PSCA expression with Gleason score in Pea 

Using the semi-quantitative scoring method as described in Materials and Methods, 
we compared the expression level of PSCA protein and mRNA with Gleason grade 
of Pea, as shown in Table 1. Prostate adenocarcinomas were graded by Gleason 
score as 2-4 scores = well-differentiation, 5-7 scores = moderate-differentiation 
and 8-10 scores = poor-differentiation [7]. Seventy-two percent of Gleason scores 
8-10 prostate cancers had very strong staining of PSCA compared to 21% with 
Gleason scores 5-7 and 17% with 2-4 respectively, demonstrating that poorly 
differentiated Pea had significantly stronger expression of PSCA protein and mRNA 
than moderately and well differentiated tumors (p < 0.05). As depicted in Figure 1, 
IHC and ISH analyses showed that PSCA protein and mRNA expression in several 
cases of poorly differentiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA expression increases 
significantly with higher tumor grade in human Pea. 
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Correlation of PSCA expression with clinical stage in Pea 

With regards to PSCA expression in every stage of Pea, we showed the results in 
Table 2. Seventy-five percent of locally advanced and node positive cancers (i.e. C- 
D stages) expressed statistically high levels of PSCA versus 32.5% that were organ 
confined (i.e. A-B stages) (p < 0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in human Pea. 

Correlation of PSCA expression with androgen-independent 
progression of Pea 

All 9 specimens of androgen-independent prostate cancers stained positive for 
PSCA protein and mRNA. Eight specimens were obtained from patients managed 
prior to androgen ablation therapy. Seven of eight (87.5%) of these androgen- 
independent prostate cancers were in the strongest staining category (score = 9), 
compared with three out of eight (37.5%) of patients with androgen-dependent 
cancers (p < 0.05). The results demonstrate that PSCA expression increases 
significantly with progression to androgen-independence of human Pea. 

It is evident from the results above that within a majority of human prostate 
cancers the level of PSCA protein and mRNA expression correlates significantly with 
increasing grade, worsening stage and progression to androgen-independence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the results of PSCA IHC staining 
with mRNA ISH analysis. Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 of 88 (89.8%) 
specimens (18/20 BPH, 19/20 PIN and 42/48 Pea respectively). Importantly, 27/27 
samples with PSCA mRNA composite scores of 0-2, 32/36 samples with scores of 
3-6 and 22/24 samples with a score of 9 also had PSCA protein expression scores 
of 0-2, 3-6 and 9 respectively. However, in 5 samples with PSCA mRNA overall 
scores of 3-6 and in 2 with scores of 9 there were less or negative PSCA protein 
expression (i.e. scores of 0-4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by PSCA mAb may be 
obscured in some cancers. The data demonstrate that the results of PSCA 
immunostaining were consistent with those of mRNA ISH analysis, showing a high 
degree of correlation between PSCA protein and mRNA expression. 
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PSCA is homologous to a group of cell surface proteins that mark the earliest phase 
of hematopoietic development. PSCA mRNA expression is prostate-specific in 
normal male tissues and is highly up-regulated in both androgen-dependent and- 
independent Pea xenografts (LAPC-4 tumors). We hypothesize that PSCA may play 
a role in Pea tumorigenesis and progression, and may serve as a target for Pea 
diagnosis and treatment. In this study, IHC and ISH showed that in general there 
were weak or absent PSCA protein and mRNA expression in BPH and low grade PIN 
tissues. However, PSCA protein and mRNA are widely expressed in HGPIN, the 
putative precursor of invasive Pea, suggesting that up-regulation of PSCA is an 
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early event in prostate carcinogenesis. Recently, Reiter RE et al [1], using ISH 
analysis, reported that 97 of 118 (82%) HGPIN specimens stained strongly positive 
for PSCA rriRNA. A very similar finding was seen on mouse PSCA (mPSCA) 
expression in mouse HGPIN tissues by Tran C. P et al [8]. These data suggest that 
PSCA may be a new marker associated with transformation of prostate cells and 
tumorigenesis. 

We observed that PSCA protein and mRNA are highly expressed in a large 
percentage of human prostate cancers, including advanced, poorly differentiated, 
androgen-independent and metastatic cases. Fluorescence-activated cell sorting 
and confocal/ immunofluorescent studies demonstrated cell surface expression of 
PSCA protein in Pea cells [9]. Our IHC expression analysis of PSCA shows not only 
cell surface but also apparent cytoplasmic staining of PSCA protein in Pea 
specimens (Figure 1). One possible explanation for this is that anti-PSCA antibody 
can recognize PSCA peptide precursors that reside in the cytoplasm. Also, it is 
possible that the positive staining that appears in the cytoplasm is actually from 
the overlying cell membrane [5]. These data seem to indicate that PSCA is a novel 
cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression correlates with high grade 
(i.e. poor differentiation), increased tumor stage and progression to androgen- 
independence of Pea. These findings support the original IHC analyses by Gu Z et al 
[9], who reported that PSCA protein expressed in 94% of primary Pea and the 
intensity of PSCA protein expression increased with tumor grade, stage and 
progression to androgen-independence. Our results also collaborate the recent 
work of Han KR et al [10], in which the significant association between high PSCA 
expression and adverse prognostic features such as high Gleason score, seminal 
vesicle invasion and capsular involvement in Pea was found. It is suggested that 
PSCA overexpression may be an adverse predictor for recurrence, clinical 
progression or survival of Pea. Hara H et al [11] used RT-PCR detection of PSA, 
PSMA and PSCA in 1 ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa patients, each PCR indicated the 
prognostic value in the hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PCR indicated lower disease-progression-free survival 
than those with negative PSCA PCR, demonstrating that PSCA can be used as a 
prognostic factor. Dubey P et al [12] reported that elevated numbers of PSCA + 
cells correlate positively with the onset and development of prostate carcinoma 
over a long time span in the prostates of the TRAMP and PTEN +/- models 
compared with its normal prostates. Taken together with our present findings, in 
which PSCA is overexpressed from HGPIN to almost frank carcinoma, it is 
reasonable and possible to use increased PSCA expression level or increased 
numbers of PSCA-positive cells in the prostate samples as a prognostic marker to 
predict the potential onset of this cancer. These data raise the possibility that PSCA 
may have diagnostic utility or clinical prognostic value in human Pea. 

The cause of PSCA overexpression in Pea is not known. One possible mechanism is 
that it may result from PSCA gene amplification. In humans, PSCA is located on 
chromosome 8q24.2 [1], which is often amplified in metastatic and recurrent Pea 
and considered to indicate a poor prognosis [13-15]. Interestingly, PSCA is in close 
proximity to the c-myc oncogene, which is amplified in >20% of recurrent and 
metastatic prostate cancers [16,17]. Reiter RE et al [18] reported that PSCA and 
MYC gene copy numbers were co-amplified in 25% of tumors (five out of twenty), 
demonstrating that PSCA overexpression is associated with PSCA and MYC 
coamplification in Pea. Gu Z et al [9] recently reporteted that in 102 specimens 
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available to compare the results of PSCA immunostalning with their previous mRNA 
ISH analysis, 92 (90.2%) had identically positive areas of PSCA protein and mRNA 
expression. Taken together with our findings, in which we detected moderate to 
strong expression of PSCA protein and mRNA in 34 of 40 (85%) Pea specimens 
examined simultaneously by IHC and ISH analyses, it is demonstrated that PSCA 
protein and mRNA overexpressed in human Pea, and that the increased protein 
level of PSCA was resulted from the upregulated transcription of its mRNA. 

At present, the regulation mechanisms of human PSCA expression and its biological 
function are yet to be elucidated. PSCA expression may be regulated by multiple 
factors [18]. Watabe T et al [19] reported that transcriptional control is a major 
component regulating PSCA expression levels. In addition, induction of PSCA 
expression may be regulated or mediated through cell-cell contact and protein 
kinase C (PKC) [20] • Homologues of PSCA have diverse activities, and have 
themselves been involved in carcinogenesis. Signalling through SCA-2 has been 
demonstrated to prevent apoptosis in immature thymocytes [21]. Thy-1 is involved 
in T cell activation and transducts signals through src-like tyrosine kinases [22]. 
Ly-6 genes have been implicated both in tumorigenesis and in cell-cell adhesion 
[21:25]. Cell-cell or cell-matrix interaction is critical for local tumor growth and 
spread to distal sites. From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role in stem/progenitor cell 
function, such as self-renewal (i.e. anti-apoptosis) and/or proliferation [1]. Taken 
together with the results in the present study, we speculate that PSCA may play a 
role in tumorigenesis and clinical progression of Pea through affecting cell 
transformation and proliferation. From our results, it is also suggested that PSCA as 
a new cell surface antigen may have a number of potential uses in the diagnosis, 
therapy and clinical prognosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to develop recurrent or 
metastatic disease, and to discriminate cancers from normal glands in 
prostatectomy samples. Similarly, the detection of PSCA-overexpressing cells in 
bone marrow or peripheral blood may identify and predict metastatic progression 
better than current assays, which identify only PSA-positive or PSMA-positive 
prostate cells. 

In summary, we have shown in this study that PSCA protein and mRNA are 
maintained in expression from HGPIN through all stages of Pea in a majority of 
cases, which may be associated with prostate carcinogenesis and correlate 
positively with high tumor grade (poor cell differentiation), advanced stage and 
androgen-independent progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. The results suggest that PSCA may be a 
promising molecular marker for the clinical prognosis of human Pea and a valuable 
target for diagnosis and therapy of this tumor. 
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Abstract 

Translation initiation is regulated in response to 
nutrient availability and mitogenic stimulation and is 
coupled with cell cycle progression and cell growth. 
Several alterations in translational control occur in 
cancer. Variant mRNA sequences can alter the 
translational efficiency of individual mRNA molecules, 
which in turn play a role in cancer biology. Changes in 
the expression or availability of components of the 
translational machinery and in the activation of 
translation through signal transduction pathways can 
lead to more global changes, such as an increase in 
the overall rate of protein synthesis and translational 
activation of the mRNA molecules involved in cell 
growth and proliferation. We review the basic 
principles of translational control, the alterations 
encountered in cancer, and selected therapies 
targeting translation initiation to help elucidate new 
therapeutic avenues. 
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The power of translational regulation fils been best recog- 
nized among developmental biologists, because transcription 
does not occur in early embryogenesis in eukaryotes. For ex- 
ample, in Xenopus, the period of transcriptional quiescence 
continues until the embryo reaches midblastula transition, the 
4000-cell stage. Therefore, all necessary mRNA molecules are 
transcribed during oogenesis and stockpiled in a translationally 
inactive, masked form. The mRNA are translationally activated 
at appropriate times during oocyte maturation, fertilization, and 



early embryogenesis and thus, are under strict translational 
control. 

Translation has an established role in cell growth. Basi- 
cally, an increase in protein synthesis occurs as a conse- 
quence of mitogenesis. Until recently, however, little was 
known about the alterations in mRNA translation in cancer, 
and much is yet to be discovered about their role in the 
development and progression of cancer. Here we review the 
basic principles of translational control, the alterations en- 
countered in cancer, and selected therapies targeting transla- 
tion initiation to elucidate potential new therapeutic avenues. 

Basic Principles of Translational Control 
Mechanism of Translation Initiation 

Translation initiation is the main step in translational regulation. 
Translation initiation is a complex process in which the initiator 
tRNA and the 40S and 60S ribosomal subunits are recruited to 
the 5' end of a mRNA molecule and assembled by eukaryotic 
translation initiation factors into an 80S ribosome at the start 
codon of the mRNA (Fig. 1). The 5' end of eukaryotic mRNA is 
capped, i.e., contains the cap structure m 7 GpppN (7-methyl- 
guanosine-triphospho-5'-ribonucleoside). Most translation in 
eukaryotes occurs in a cap-dependent fashion, i.e., the cap is 
specifically recognized by the e!F4E, 3 which binds the 5' cap. 
The elF4F translation initiation complex is then formed by the 
assembly of eiF4E, the RNA helicase elF4A, and elF4G, a 
scaffolding protein that mediates the binding of the 40S ribo- 
somal subun'rt to the mRNA molecule through interaction with 
the elF3 protein present on the 40S ribosome. elF4A and elF4B 
participate in melting the secondary structure of the 5' UTR of 
the mRNA. The 43S initiation complex (40S/elF2/Met-tRNA/ 
GTP complex) scans the mRNA in a 5'->3' direction until it 
encounters an AUG start codon. This start codon is then base- 
paired to the anticodon of initiator tRNA, forming the 48S initi- 
ation complex. The initiation factors are then displaced from the 
48S complex, and the 60S ribosome joins to form the 80S 
ribosome. „ ■ ■ 

Unlike most eukafyotic translation, translation initiation of 
certain mRNAs, such as the picomavirus RNAi is cap inde- 
pendent and occurs by internal ribosome entry. This mecha- 
nism does not require elF4E. Either the 43S complex can bind 
the initiation codon directly through interaction with the IRES in 
the 5 f UTR such as in the encephalomyocarditis virus, or it can 
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Fig. 1. Translation initiation in eukaryotes. The 4E-BPs are hyperphos- 
phorylated to release elF4E so that it can interact with the 5' cap, and the 
e!F4F initiation complex is assembled. The interaction of poly(A) binding 
protein with the initiation complex and circularization of the mRNA is not 
depicted in the diagram. The secondary structure of the 5' UTR is melted, 
the 40S ribosomal subunit is bound to e!F3, and the ternary complex 
consisting of elF2, GTP, and the Met-tRNA are recruited to the mRNA. The 
ribosome scans the mRNA in a 5'-*3' direction until an AUG start codon 
is found in the appropriate sequence context. The initiation factors are 
released, and the large ribosomal subunit is recruited. 



initially attach to the IRES and then reach the initiation codon by 
scanning or transfer, as is the case with the poliovirus (1). 

Regulation of Translation Initiation 
Translation initiation can be regulated by alterations in the 
expression or phosphorylation status of the various factors 
involved. Key components in translational regulation that 
may provide potential therapeutic targets follow. 

elF4E. elF4E plays a central role in translation regulation. 
It is the least abundant of the initiation factors and is con- 
sidered the rate-limiting component for initiation of cap- 
dependent translation. elF4E may also be involved in mRNA 
splicing, mRNA 3' processing, and mRNA nucleocytoplas- 
mic transport (2). elF4E expression can be increased at the 
transcriptional level in response to serum or growth factors 
(3). elF4E overexpression may cause preferential translation 
of mRNAs containing excessive secondary structure in their 
5' UTR that are normally discriminated against by the trans- 



itional machinery and thus are inefficiently translated (4-7). 
As examples of this, overexpression of elF4E promotes in- 
creased translation of vascular endothelial growth factor, 
fibroblast growth factor-2, and cyclin D1 (2, 8, 9). 

Another mechanism of control is the regulation of elF4E 
phosphorylation. elF4E phosphorylation is mediated by the 
mitogen-activated protein kinase-interacting kinase 1 , which 
is activated by the mitogen-activated pathway activating 
extracellular signal-related kinases and the stress-activated 
pathway acting through p38 mitogen-activated protein ki- 
nase (10-13). Several mitogens, such as serum, platelet- 
derived growth factor, epidermal growth factor, insulin, 
angiotensin II, src kinase overexpression, and ras over- 
expression, lead to elF4E phosphorylation (14). The phos- 
phorylation status of elF4E is usually correlated with the 
translational rate and growth status of the cell; however; 
elF4E phosphorylation has also been observed in response 
to some cellular stresses when translational rates actually 
decrease (15). Thus, further study is needed to understand 
the effects of elF4E phosphorylation on elF4E activity. 

Another mechanism of regulation is the alteration of elF4E 
availability by the binding of elF4E to the elF4E-binding pro- 
teins (4E-BP, also known as PHAS-I). 4E-BPs compete with 
elF4G for a binding site in elF4E. The binding of elF4E to the 
best characterized elF4E-binding protein, 4E-BP1, is regu- 
lated by 4E-BP1 phosphorylation. Hypophosphorylated 4E- 
BP1 binds to elF4E, whereas 4E-BP1 hyperphosphorylation 
decreases this binding. Insulin, angiotensin, epidermal 
growth factor, platelet-derived growth factor, hepatocyte 
growth factor, nerve growth factor, insulin-like growth factors 
I and II, interleukin 3, granulocyte-macrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
all been reported to induce phosphorylation of 4E-BP1 and 
to decrease the ability of 4E-BP1 to bind elF4E (15, 16). 
Conversely, deprivation of nutrients or growth factors results 
in 4E-BP1 dephosphorylation, an increase in elF4E binding, 
and a decrease in cap-dependent translation. 

p70 S6 Kinase. Phosphorylation of ribosomal 40S protein 
S6 by S6K is thought to play an important role in translational 
regulation. S6K -/- mouse embryonic cells proliferate more 
slowly than do parental cells, demonstrating that S6K has a 
positive influence on cell proliferation (17). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
oligopyrimidine tract (5' TOP) found at the 5' UTR of ribosomal 
protein mRNAs and other mRNAs coding for components of 
the translational machinery. Phosphorylation of S6K is regu- 
lated in part based on the availability of nutrients (18, 19) and is 
stimulated by several growth factors, such as platelet-derived 
growth factor and insulin-like growth factor I (20). 

elF2a Phosphorylation. The binding of the initiator tRNA 
to the small ribosomal unit is mediated by translation initia- 
tion factor elF2. Phosphorylation of the a-subunit of elF2 
prevents formation of the el F2/GTP/M et-tRN A complex and 
inhibits global protein synthesis (21, 22). elF2a Is phospho- 
rylated under a variety of conditions, such as viral infection, 
nutrient deprivation, heme deprivation, and apoptosis (22). 
elF2a is phosphoryiated by heme-regulated Inhibitor, nutrient- 
regulated protein kinase, and the IFN-induced, double- 
stranded RNA-activated protein kinase (PKR; Ref. 23). 
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The mTOR Signaling Pathway. The macrollde antibiotic 
rapamycin (Slralimus; Wyeth-Ayerst Research, Collegeville, 
PA) has been the subject of intensive study because it in- 
hibits signal transduction pathways involved in T-cell activa- 
tion. The rapamycin-sensitive component of these pathways 
is mTOR (also called FRAP or RAFT1), mTOR is the mam- 
malian homologue of the yeast TOR proteins that regulate 
progression and translation in response to nutrient availabil- 
ity (24). mTOR is a serine-threonine kinase that modulates 
translation initiation by altering the phosphorylation status of 
4E-BP1 and S6K (Fig. 2; Ref. 25). 

4E-BP1 is phosphorylated on multiple residues. mTOR phos- 
phorylates the Thr-37 and Thr-46 residues of 4E-BP1 in vitro 
(26); however, phosphorylation at these sites is not associated 
with a loss of elF4E binding. Phosphorylation of Thr-37 and 
Thr-46 is required for subsequent phosphorylation at several 
COOH-terminal, serum-sensitive sites; a combination of these 
phosphorylation events appears to be needed to inhibit the 
binding of 4E-BP1 to elF4E (25). The product of the ATM gene, 
p38/MSK1 pathway, and protein kinase Ca aiso play a role in 
4E-BP1 phosphorylation (27-29). 

S6K and 4E-BP1 are also regulated, in part, by PI3K and its 
downstream protein kinase Akt. PTEN is a phosphatase that 
negatively regulates PI3K signaling. PTEN null cells have 
constitutively active of Akt, with increased S6K activity and 
S6 phosphorylation (30). S6K activity is inhibited both by 
PI3K inhibitors wortmannin and LY294002 and by mTOR 
inhibitor rapamycin (24). Akt phosphorylates Ser-2448 in 
mTOR in vitro, and this site is phosphorylated upon Akt 
activation in vivo (31-33). Thus, mTOR is regulated by the 
PI3K/Akt pathway; however, this does not appear to be the 
only mode of regulation of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
independent of mTOR is controversial. 

Interestingly, mTOR autophosphorylation is blocked by wort- 
mannin but not by rapamycin (34). This seeming inconsistency 
suggests that mTOR-responsive regulation of 4E-BP1 and S6K 
activity occurs through a mechanism other than intrinsic mTOR 
kinase activity. An alternate pathway for 4E-BP1 and S6K phos- 
phorylation by mTOR activity is by the inhibition of a phospha- 
tase. Treatment with calyculin A, an inhibitor of phosphatases 1 
and 2A, reduces rapamycin-induced dephosphorylation of 4E- 
BP1 and S6K by rapamycin (35). PP2A interacts with full-length 
S6K but not with a S6K mutant that is resistant to dephospho- 
rylation resulting from rapamycin. mTOR phosphorylates PP2A 
in vitro; however, how this process afters PP2A activity is not 
known. These results are consistent with the model that phos- 
phorylation of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamycin block inhibition of the phosphatase by 
mTOR. 

Polyadenylation. The poly(A) tail in eukaryotic mRNA is 
important In enhancing translation initiation and mRNA sta- 
bility. Polyadenylation plays a key role in regulating gene 
expression during oogenesis and early embryogenesis. 
Some mRNA that are translationally inactive in the oocyte are 
polyadenylated concomitantly with translational activation in 
oocyte maturation, whereas other mRNAs that are transla- 
tionally active during oogenesis are deadenylated and trans- 
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lationally silenced (36-38). Thus, control of poly(A) tail syn- 
thesis is an important regulatory step in gene expression. 
The 5' cap and poly(A) tail are thought to function synergis- 
tically to regulate mRNA translational efficiency (39, 40). 

RNA Packaging. Most RNA-binding proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the translational fate of the transcript (41). A highly 
conserved family of Y-box proteins is found in cytoplasmic 
messenger ribonucleoprotein particles, where the proteins 
are thought to play a role in restricting the recruitment of 
mRNA to the translational machinery (41-43). The major 
mRNA-associated protein, YB-1 , destabilizes the interaction 
of elF4E and the 5' mRNA cap in vitro, and overexpression of 
YB-1 results in translational repression in vivo (44). Thus, 
alterations in RNA packaging can also play an important role 
in translational regulation. 

Translation Alterations Encountered in Cancer 

Three main alterations at the translational level occur in cancer: 
variations in mRNA sequences that increase or decrease trans- 
lational efficiency, changes in the expression or availability of 
components of the translational machinery, and activation of 
translation through aberrantly activated signal transduction 
pathways. The first alteration affects the translation of an indi- 
vidual mRNA that may play a role in carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 
as an Increase in the overall rate of protein synthesis, and the 
translational activation of several mRNA species. 

Variations in mRNA Sequence 

Variations In mRNA sequence affect the translational effi- 
ciency of the transcript. A brief description of these variations 
and examples of each mechanism follow. 

Mutations. Mutations in the mRNA sequence, especially 
in the 5' UTR, can alter its translational efficiency, as seen in 
the following examples. 
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c-myc. Saito ef al. proposed that translation of full-length 
c-myc is repressed, whereas in several Burkitt lymphomas 
that have deletions of the mRNA 5' UTR, translation of c-myc 
Is more efficient (45). More recently, it was reported that the 
5' UTR of c-myc contains an IRES, and thus c-myc transla- 
tion can be initiated by a cap-independent as well as a 
cap-dependent mechanism (46, 47). In patients with multiple 
myeloma, a C-»T mutation in the c-myc IRES was identified 
(48) and found to cause an enhanced initiation of translation 
via internal ribosomal entry (49). 

BRCA1. A somatic point mutation (117 G->C) in position 
-3 with respect to the start codon of the BRCA1 gene was 
identified in a highly aggressive sporadic breast cancer (50). 
Chimeric constructs consisting of the wild-type or mutated 
BRCA1 5' UTR and a downstream lucif erase reporter dem- 
onstrated a decrease in the translational efficiency with the 5' 
UTR mutation. 

Cyclm-dependent Kinase Inhibitor 2A Some inherited 
melanoma kindreds have a G-»T transversion at base -34 
of cyclin-dependent kinase inhibitor-2A, which encodes a 
cyciin-dependent kinase 4/cyclin-dependent kinase 6 kinase 
inhibitor important in G., checkpoint regulation (51). This 
mutation gives rise to a novel AUG translation initiation 
codon, creating an upstream open reading frame that com- 
petes for scanning ribosomes and decreases translation 
from the wild-type AUG. 

Alternate Splicing and Alternate Transcription Start 
Sites. Alterations in splicing and alternate transcription sites 
can lead to variations in 5' UTR sequence, length, and second- 
ary structure, ultimately impacting translational efficiency. 

ATM. The ATM gene has four noncoding exons in its 5' 
UTR that undergo extensive alternative splicing (52). The 
contents of 12 different 5' UTRs that show considerable 
diversity in length and sequence have been identified. These 
divergent 5' leader sequences play an important role in the 
translational regulation of the ATM gene. 

mdm. In a subset of tumors, overexpression of the onco- 
protein mdm2 results in enhanced translation of the mdm2 
mRNA. Use of different promoters leads to two mdm2 tran- 
scripts that differ only in their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA is loaded with ribosomes inefficiently compared with 
the short 5' UTR. 

BRCA1, In a normal mammary gland, BRCA1 mRNA is 
expressed with a shorter leader sequence (5'UTRa), whereas 
in sporadic breast cancer tissue, BRCA1 mRNA is expressed 
with a longer leader sequence (5' UTRb); the translational 
efficiency of transcripts containing 5' UTRb is 10 times lower 
than that of transcripts containing 5' UTRa (54). 

TCF-pa TGF-P3 mRNA includes a 1 ,1-kb 5' UTR, which 
exerts an inhibitory effect on translation. Many human breast 
cancer cell lines contain a novel TGF~p3 transcript with a 5' 
UTR that is 870 nucleotides shorter and has a 7-fold greater 
translational efficiency than the normal TGF-&3 mRNA (55). 

Alternate Polyadenyiation Sites. Multiple polyadenyl- 
ation signals leading to the generation of several transcripts 
with differing 3' UTR have been described for several mRNA 
species, such as the RET proto-oncogene (56), ATM gene 
(52), tissue inhibitor of metalloproteinases-3 (57), RHOA 



proto-oncogene (58), and calmodulin-l (59). Although the 
effect of these alternate 3' UTRs on translation is not yet 
known, they may be important in RNA-protein interactions 
that affect translational recruitment. The role of these alter- 
ations in cancer development and progression is unknown. 

Alterations in the Components of the 
Translation Machinery 

Alterations in the components of translation machinery can 
take many forms. 

Overexpresssion of eIF4E. Overexpression of elF4E 
causes malignant transformation in rodent cells (60) and the 
deregulation of HeLa cell growth (61). Polunovsky ef al. (62) 
found that elF4E overexpression substitutes for serum and 
individual growth factors in preserving viability of fibroblasts, 
which suggests that elF4E can mediate both proliferative and 
survival signaling. 

Elevated levels of elF4E mRNA have been found in a broad 
spectrum of transformed cell lines (63). elF4E levels are 
elevated in all ductal carcinoma in situ specimens and inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 65). Prelim- 
inary studies suggest that this overexpression is attributable 
to gene amplification (66). 

There are accumulating data suggesting that elF4E overex- 
pression can be valuable as a prognostic marker. elF4E over- 
expression was found in a retrospective study to be a marker of 
poor prognosis in stages I to III breast carcinoma (67). Verifica- 
tion of the prognostic value of elF4E in breast cancer is now 
under way in a prospective trial (67). However, in a different 
study, elF4E expression was correlated with the aggressive 
behavior of non-Hodgkin's lymphomas (68). In a prospective 
analysis of patients with head and neck cancer, elevated levels 
of elF4E in histologically tumor-free surgical margins predicted 
a significantly increased risk of local-regional recurrence (9). 
These results all suggest that elF4E overexpression can be 
used to select patients who might benefit from more aggressive 
systemic therapy. Furthermore, the head and neck cancer data 
suggest that elF4E overexpression is a field defect and can be 
used to guide local therapy. 

Alterations In Other Initiation Factors. Alterations in a 
number of other initiation factors have been associated with 
cancer. Overproduction of elF4G, similar to elF4E, leads to 
malignant transformation in vitro (69). elF-2a is found in 
increased levels in bronchioloalveolar carcinomas of the lung 
(3). Initiation factor elF-4A1 is overexpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunit of 
translation initiation factor 3 is amplified and overexpressed 
in breast and prostate cancer (72), and the elF3-p1 1 0 subunit 
is overexpressed in testicular seminoma (73). The role that 
overexpression of these initiation factors plays on the devel- 
opment and progression of cancer, if any, is not known. 

Overexpression of S6K. S6K is amplified and highly 
overexpressed in the MCF7 breast cancer ceil line, com- 
pared with normal mammary epithelium (74). In a study by 
Bartund ef al. (74), S6K was amplified in 59 of 668 primary 
breast tumors, and a statistically significant association was 
observed between amplification and poor prognosis. 
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Overexpression of PAP. PAP catalyzes 3' poly(A) syn- 
thesis, PAP is overexpressed in human cancer ceils com- 
pared with normal and virally transformed cells (75). PAP 
enzymatic activity in breast tumors has been correlated with 
PAP protein levels (76) and, in mammary tumor cytosols, was 
found to be an independent factor for predicting survival (76). 
Little is known, however, about how PAP expression or ac- 
tivity affects the translational profile. 

Alterations in RNA-binding Proteins. Even less is known 
about alterations in RNA packaging in cancer. Increased ex- 
pression and nuclear localization of the RNA-binding protein 
YB-1 are indicators of a poor prognosis for breast cancer (77), 
non-small cell lung cancer (78), and ovarian cancer (79). How- 
ever, this effect may be mediated at least in part at the level of 
transcription, because YB-1 increases chemoresistance by en- 
hancing the transcription of a multidrug resistance gene (80). 

Activation of Signai Transduction Pathways 

Activation of signal transduction pathways by loss of tumor 
suppressor genes or overexpression of certain tyrosine kinases 
can contribute to the growth and aggressiveness of tumors. An 
important mutant in human cancers is the tumor suppressor 
gene RTEN, which leads to the activation of the PI3K/Akt path- 
way. Activation of PI3K and Akt induces the oncogenic trans- 
formation of chicken embryo fibroblasts. The transformed cells 
show constitutive phosphorylation of S6K and of 4E-BP1 (81). 
A mutant Akt that retains kinase activity but does not phos- 
phorylate S6K or 4E-BP1 does not transform fibroblasts, which 
suggests a correlation between the oncogenicity of PI3K and 
Akt and the phosphorylation of S6K and 4E-BP1 (81). 

Several tyrosine kinases such as platelet-derived growth 
factor, insulin-like growth factor, HER2/neu, and epidermal 
growth factor receptor are overexpressed in cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways known to alter translation initiation, activation 
of translation is likely to contribute to the growth and aggres- 
siveness of these tumors. Furthermore, the mRIMA for many 
of these kinases themselves are under translational control. 
For example, HER2/neu mRNA is translationally controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation in a cell type-independent manner and 
by a distinct cell type-dependent mechanism that increases 
translational efficiency (82). HER2/neu translation is different 
in transformed and normal cells. Thus, it is possible that 
alterations at the translational level can in part account for 
the discrepancy between HER2/neu gene amplification de- 
tected by fluorescence in situ hybridization and protein levels 
detected by immunohistochemical assays. 

Translation Targets of Selected Cancer Therapy 

Components of the translation machinery and signal path- 
ways involved in the activation of translation initiation repre- 
sent good targets for cancer therapy. 

Targeting the mTOR Signaling Pathway: Rapamycin 
and Tumstatin 

Rapamycin inhibits the proliferation of lymphocytes. It was 
initially developed as an immunosuppressive drug for organ 



transplantation. Rapamycin with FKBP 12 (FK506-binding 
protein, M r 12,000) binds to mTOR to inhibit its function. 

Rapamycin causes a small but significant reduction in the 
initiation rate of protein synthesis (83). It blocks cell growth in 
part by blocking S6 phosphorylation and selectively sup- 
pressing the translation of 5' TOP mRNAs, such as ribosomal 
proteins, and elongation factors (83-85). Rapamycin also 
blocks 4E-BP1 phosphorylation and inhibits cap-dependent 
but not cap-independent translation (17, 86). 

The rapamycin-sensitive signal transduction pathway, acti- 
vated during malignant transformation and cancer progression, 
is now being studied as a target for cancer therapy (87). Pros- 
tate, breast, small cell lung, glioblastoma, melanoma, and T-cell 
leukemia are among the cancer lines most sensitive to the 
rapamycin analogue CCI-779 (Wyeth-Ayerst Research; Ref. 
87). In rhabdomycosarcoma cell lines, rapamycin is either cyto- 
static or cytocidal, depending on the p53 status of the cell; p53 
wild-type cells treated with rapamycin arrest in the phase 
and maintain their viability, whereas p53 mutant cells accumu- 
late in Gi and undergo apoptosis (88, 89). In a recently reported 
study using human primitive neuroectodermal tumor and 
medulloblastoma models, rapamycin exhibited more cytotox- 
icity in combination with cisplatin and camptothecin than as a 
single agent In vivo, CCI-779 delayed growth of xenografts by 
1 60% after 1 week of therapy and 240% after 2 weeks. A single 
high-dose administration caused a 37% decrease in tumor 
volume. Growth inhibition in vivo was 1.3 times greater, with 
cisplatin in combination with CCI-779 than with cisplatin alone 

(90) . Thus, preclinical studies suggest that rapamycin ana- 
logues are useful as single agents and in combination with 
chemotherapy. 

Rapamycin analogues CCI-779 and RAD001 (Novartis, 
Basel, Switzerland) are now in clinical trials. Because of the 
known effect of rapamycin on lymphocyte proliferation, a 
potential problem with rapamycin analogues is immunosup- 
pression. However, although prolonged immunosuppression 
can result from rapamycin and CCI-779 administered on 
continuous-dose schedules, the immunosuppressive effects 
of rapamycin analogues resolve in -24 h after therapy 

(91) . The principal toxicities of CCI-779 have included der- 
matological toxicity, myelosuppression, infection, mucositis, 
diarrhea, reversible elevations in liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87, 
92-94). Phase II trials of CCI-779 have been conducted in 
advanced renal cell carcinoma and in stage ili/IV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported in abstract form, although there were no 
complete responses, partial responses were documented in 
both renal cell carcinoma and in breast carcinoma (94, 95). 
Thus, CCI-779 has documented preliminary clinical activity in 
a previously treated, unselected patient population. 

Active investigation is under way into patient selection for 
mTOR inhibitors. Several studies have found an enhanced 
efficacy of CCI-779 in PTEN-null tumors (30, 96). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCI-779, although only two of these lines 
lacked PTEN (97) There was, however, a positive correlation 
between Akt activation and CCI-779 sensitivity (97). This 
correlation suggests that activation of the PI3K-Akt pathway, 



I 

976 Translation Initiation In Cancer 



regardless of whether it is attributable to a PTEN mutation or 
to overexpression of receptor tyrosine kinases, makes can- 
cer cell amenable to mTOR-directed therapy. In contrast, 
lower levels of the target of mTOR, 4E-BP1, are associated 
with rapamycln resistance; thus, a lower 4E-BP1/elF4E ratio 
may predict rapamycin resistance (98). 

Another mode of activity for rapamycin and its analogues 
appears to be through inhibition of angiogenesis. This activ- 
ity may be both through direct inhibition of endothelial ceil 
proliferation as a result of mTOR inhibition in these cells or by 
inhibition of translation of such proangiogenic factors as 
vascular endothelial growth factor in tumor cells (99, 100). 

The angiogenesis inhibitor tumstatin, another anticancer 
drug currently under study, was also found recently to inhibit 
translation in endothelial cells (101). Through a requisite in- 
teraction with integrin, tumstatin inhibits activation of the 
PI3K/Akt pathway and mTOR in endothelial cells and pre- 
vents dissociation of eIF4E from 4E-BP1 , thereby inhibiting 
cap-dependent translation. These findings suggest that en- 
dothelial cells are especially sensitive to therapies targeting 
the mTOR-signaling pathway. 

Targeting eiF2oa EPA, Clotrimazole, mda-7, 
and Flavonoids 

EPA is an n-3 polyunsaturated fatty acid found in the fish- 
based diets of populations having a low incidence of cancer 
(102). EPA inhibits the proliferation of cancer cells (103), as 
well as in animal models (104, 105). It blocks cell division by 
inhibiting translation initiation (105). EPA releases Ca 2+ from 
intracellular stores while inhibiting their refilling, thereby ac- 
tivating PKR. PKR, in turn phosphorylates and inhibits elF2a, 
resulting in the inhibition of protein synthesis at the level of 
translation initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent in vitro and in vivo, inhibits cell growth through 
depletion of Ca 2+ stores, activation of PKR, and phospho- 
rylation of e!F2a (106). Consequently, clotrimazole preferen- 
tially decreases the expression of cyclins A, E, and D1, 
resulting in blockage of the cell cycle in G t . 

mda-7 is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-7 (Ad- 
mda7) induces apoptosis in many cancer cells including 
breast, colorectal, and lung cancer (107-109). Ad-mda7 also 
induces and activates PKR, which leads to phosphorylation 
of elF2a and induction of apoptosis (110). 

Flavonoids such as genistein and quercetin suppress tu- 
mor cell growth. All three mammalian elF2a kinases, PKR, 
heme-regulated inhibitor, and PERK/PEK, are activated by 
flavonoids, with phosphorylation of elF2a and inhibition of 
protein synthesis (111). 

Targeting elF4A and elF4E: Antisense RNA 
and Peptides 

Antisense expression of elF4A decreases the proliferation rate 
of melanoma cells (1 1 2). Sequestration of elF4E by overexpres- 
sion of 4E-BP1 is proapoptotic and decreases tumorigenicity 
(113, 114). Reduction of elF4E with antisense RNA decreases 
soft agar growth, increases tumor latency, and increases the 
rates of tumor doubling times (7). Antisense elF4E RNA treat- 



ment also reduces the expression of angiogenic factors (115) 
and has been proposed as a potential adjuvant therapy for head 
and neck cancers, particularly when elevated elF4E is found in 
surgical margins. Small molecule inhibitors that bind the elF4G/ 
4E-BP1 -binding domain of elF4E are proapoptotic (116) and 
are also being actively pursued. 



Exploiting Selective Translation for Gene Therapy 

A different therapeutic approach that takes advantage of the 
enhanced cap-dependent translation in cancer cells is the use 
of gene therapy vectors encoding suicide genes with highly 
structured 5' UTR. These mRNA would thus be at a competitive 
disadvantage in normal cells and not translate well, whereas in 
cancer cells, they would translate more efficiently. For example, 
the introduction of the 5' UTR of fibroblast growth factor-2 5' to 
the coding sequence of herpes simplex virus type-1 thymidine 
kinase gene, allows for selective translation of herpes simplex 
virus type-1 thymidine kinase gene in breast cancer cell lines 
compared with normal mammary cell lines and results in se- 
lective sensitivity to ganciclovir (117). 

Toward the Future 

Translation is a crucial process in every cell. However, several 
alterations in translational control occur in cancer. Cancer cells 
appear to need an aberrantly activated translational state for 
survival, thus allowing the targeting of translation initiation with 
surprisingly low toxicity. Components of the translational ma- 
chinery, such as elF4E, and signal transduction pathways in- 
volved in translation initiation, such mTOR, represent promising 
targets for cancer therapy. Inhibitors of the mTOR have already 
shown some preliminary activity in clinical trials. It is possible 
that with the development of better predictive markers and 
better patient selection, response rates to single-agent therapy 
can be improved. Similar to other cytostatic agents, however, 
mTOR inhibitors are most likely to achieve clinical utility in 
combination therapy. In the interim, our increasing understand- 
ing of translation initiation and signal transduction pathways 
promise to lead to the identification of new therapeutic targets 
in the near future. 
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